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1 Introduction

In the RAN1 LS [1], RAN4 is asked to consider 9 dB CRE bias for defining UE requirements for UE receiver-based techniques, including cell identification requirements, measurement requirements, and UE performance requirements. The interference levels for RAN4 requirements are to be based on system simulations, but it is straightforward that a higher interference level may be expected in the recommended scenario compared to the Rel-10 scenario.
In this contribution, we analyse the eICIC Rel-10 requirements, highlight the UE receiver challenges related to cell identification, and emphasize the importance of properly defined cell identification requirements for FeICIC Rel-11.
2 Cell Identification Requirements for eICIC in Rel-10
In Rel-10, the cell identification requirements have been defined based on the assumption that the UE receiver has the same capability of dealing with the aggressor interference as the legacy receiver. The cell detection signal level is lower for Rel-10 (-7.5 dB) than for Rel-8/9 (-6 dB) mainly due to the reduced margin, which makes it more challenging for the UE to meet the cell identification requirements for eICIC Rel-10 and reliably perform in practice in such interference conditions.
ABS transmit patterns and measurement patterns are used for eICIC in Rel-10, which is generally helpful only for signals interfered by data transmissions from the aggressor cell or other cells. However, these patterns still do not help in resolving the high interference issue from the aggressor-cell transmissions which cannot be avoided, e.g, PSS/SSS or CRS. On the other hand, CRS aggressor interference may still be coordinated to some extent by PCI planning, in addition to the possibility of reducing the other-cell interference by means of ABS and thereby reducing the total interference. Neither of the two if helpful for PSS/SSS detection.
· Observation 1: PSS/SSS detection is the performance bottleneck for RRM in heterogeneous deployments.

· Observation 2: No means to improve PSS/SSS detection has been standardised in eICIC Rel-10.
· Observation 3: The margin for PSS/SSS detection has been already reduced in eICIC Rel-10.
The above indicates that cell identification requirements need to be carefully defined for FeICIC.
3 Cell Identification with FeICIC
RAN1 has asked to consider specifying requirements for UE receiver-based techniques. Interference cancellation and puncturing as Rel-11 UE receiver techniques have been mainly discussed so far. It has also been a common understanding that no specific receiver technique will be explicitly mandated in the requirements, as long as the requirements can be met. It is thus important that RAN4 discusses and agrees on the reference receiver principles for defining requirements as well as scenarios.
For cell detection, interference cancellation for SSS is a likely receiver implementation since the other alternative, the puncturing receiver, is not possible at least for colliding PSS/SSS of the victim and aggressor cells. For interference cancellation, the aggressor channel needs to be estimated and then subtracted for estimating the channel for the weak victim cell. The receiver therefore would generally benefit from having the aggressor information. According to [2], the “needed information” for CRS interference handling can be provided from the serving cell via higher layer signaling, where the “needed information“ includes also PCIs. However, it needs to be noted that a set of CRS aggressor cells in most cases would be different than the set of aggressor cells for cell identification, therefore the CRS aggressor cells list according to [2] may be not relevant for cell identification and may be even misleading for a receiver performing interference cancellation for PSS/SSS signals.
· Proposal 1: If the aggressor PCIs are intended to be used also for cell identification,  then to avoid the ambiguity, it has to be clear that the aggressor cell list is generic and not limited only to CRS-to-CRS aggressor cells.
The requirements are generally defined in a generic way, i.e., the same requirements apply for SFN-aligned and subframe-shifted networks. Also, the latter cannot be assumed always possible for various reasons. Hence, the most stringent scenario needs to be considered for defining the requirements. At this stage, it is proposed that RAN4 studies both colliding and non-colliding PSS/SSS scenarios. Further, cell identification includes two steps, cell detection and performing a measurement for the detected cell, where the measurements are performed on CRS which may or may not collide.
· Proposal 2: Study both scenarios: colliding PSS/SSS and non-colliding PSS/SSS, and for each scenario consider both colliding CRS and non-colliding CRS.
In addition to the high interference in general, there are also general challenges related to PSS/SSS detection which need to be taken into account in the discussion on the reference receiver principles, e.g.:
· Small bandwidth (only 62 samples are available)
· Coherent vs. non-coherent detection: 
· Non-colliding PSS/SSS: When data is colliding with SSS, non-coherent averaging of SSS correlations is likely to provide processing gain.

· Colliding PSS/SSS: If the same signals always collide, there may be no gain with long (non-coherent) averaging prior detection, namely AWGN noise can be suppressed but not the dominating interfering cell. “Pseudo-coherent” accumulation may therefore be considered, where coherent accumulation is limited to smaller parts of the SSS bandwidth.
4 Summary

In the discussion above, we have made the following observations:
· Observation 1: PSS/SSS detection is the performance bottleneck for RRM in heterogeneous deployments.

· Observation 2: No means to improve PSS/SSS detection has been standardised in eICIC Rel-10.
· Observation 3: The margin for PSS/SSS detection has been already reduced in eICIC Rel-10.
And the following has been proposed:
· Proposal 1: If the aggressor PCIs are intended to be used also for cell identification,  then to avoid the ambiguity, it has to be clear that the aggressor cell list is generic and not limited only to CRS-to-CRS aggressor cells
· Proposal 2: Study both scenarios: colliding PSS/SSS and non-colliding PSS/SSS, and for each scenario consider both colliding CRS and non-colliding CRS.
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